3
In the current study, we first performed state-of-the-art NGS in degenerative NP tissues vs. normal 4 disc tissues to identify IDD-specific mRNAs. Using the Illumina HiSeq 2500 platform and subsequent 5 qRT-PCR, IGFBP5 mRNA was found to be significantly downregulated in patients compared with 6 corresponding controls, and thus was selected for further analysis. Moreover, the IGFBP5 expression 
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The regulation of cell proliferation and apoptosis is a complex process and is associated with 1 9 several signaling pathways (Masuda, 2008; Masuda and An, 2006; Pratsinis and Kletsas, 2007; Wang et 2 0 al., 1999; Zhang and Liu, 2002) . Extracellular signal-regulated kinase (ERK), which belongs to the 2 1 family of mitogen-activated protein kinases (MAPKs), exerts an important role on the regulation of cell 2 2 differentiation (Li et al., 2014; Sparta et al., 2015) . It is activated through a sequential phosphorylation 2 3
cascade that amplifies and transduces signals from the cell membrane to the nucleus (Caunt and 2 4 McArdle, 2012; Iwamoto et al., 2016; Maryu et al., 2016; Shindo et al., 2016 Western blot and RT-PCR analyses. In addition, the activity of ERK pathway associated proteins, such 4 as Bax (Iwayama and Ueda, 2013; Ma et al., 2014; Yating et al., 2015) and caspase-3 (Sudo and 5 Minami, 2011; Wang et al., 2011) , and the downregulation of antiapoptotic proteins, such as Bcl2 6 (Mebratu and Tesfaigzi, 2009; Roskoski, 2012; Sudo and Minami, 2010) , is associated with the 
2
Another interesting aspect of our study is that we, for the first time, demonstrated the role of 1 3 IGFBP5 in IDD using a rat model. Our data revealed that the IGFBP5 mRNA level in NP cells was 1 4 lower in IDD rats when compared with IDD + Igfbp5 rats (P<0.0001). Additionally, the Bcl2 1 5 expression level was higher in IDD + Igfbp5 rats, while the levels of ERK, pERK, Bax and caspase-3 1 6 were higher in IDD rats. Collectively, our findings provide novel mechanistic insight that was 1 7 previously unrecognized and highlight that the suppression of IGFBP5 is an early phenomenon in IDD 1 8 that may trigger the initiation of IDD.
9
Taken together, this study provides the discovery and validation of IDD-specific mRNA 2 0 transcriptome profiles generated by NGS. We identified that IGFBP5 was downregulated in human 2 1 degenerative NP tissues and that its level was associated with the disc degeneration grade. In addition, and/or preventive approach for degenerative disc disease. 
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In an attempt to reduce the differences between the individuals and to obtain more data, a 10 1 2 (pathological) vs. 10 (control) experimental design was thus employed for the mRNA Solexa 1 3 sequencing in our study.
4
Routine MRI scans of the lumbar spine were taken of these patients before surgery and the degree 1 5 of disc degeneration was graded from the T2-weighted images using the Pfirrmann classification 1 6 (Pfirrmann et al., 2001 ). According to the modified classification system of the International Society 1 7 for the Study of the Lumbar Spine (Williams et al., 1982) , 101 samples were protrusions, 21 were 1 8 sequestration, and 7 were subligamentous extrusions. Tissue specimens were first washed with 1 9 phosphate-buffered saline (PBS). Thirty-eight of the 129 samples were obtained from the L4/L5 level, 2 0 whereas 91 were from L5/S1. The study protocol was approved by the Ethics Committee of our 2 1 institution, and written informed consent was obtained from each participant.
3
Isolation and culture of human NP cells
4
Tissues specimens were first washed thrice with PBS. The NP was then separated from the annulus 2 5 fibrosus using a stereotaxic microscope and cut into pieces (2 to 3 mm 3 ). The samples were digested by 2 6
0.25 mg/mL type II collagenase (Invitrogen, Carlsbad, CA, USA) for 12 h at 37°C in Dulbecco's 2 7
modified Eagle medium (DMEM; GIBCO, Grand Island, NY, USA) until the tissue blocks disappeared.
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After isolation, NP cells were resuspended in DMEM containing 10 % FBS (GIBCO, NY, USA), 100 2 9 8 mg/ml streptomycin, 100 U/ml penicillin, and 1 % L-glutamine, and then incubated at 37 °C in a 1 humidified atmosphere with 95 % air and 5 % CO 2 . The confluent cells were detached by 2 trypsinization and seeded into 35-mm tissue culture dishes in complete culture medium (DMEM 3 supplemented with 10 % FBS, 100 mg/ml streptomycin and 100 U/ml penicillin) in a 37 °C, 5 % CO 2 4 environment. The medium was changed every 2 days. The second passage was used for the subsequent 5 experiments.
7
Cell transfections 8
The isolated cells were divided into the following groups: the blank group, the negative control (NC) 9 group, the IGFBP5-shRNA group, the IGFBP5 overexpression group, the ERK pathway inhibitor 
2
For the IGFBP5 overexpression group, IGFBP5 was expressed in vitro using the gateway vector 2 3
pLenti6.2/V5-DEST (Invitrogen, Grand Island, NY, USA), hereby referred to as pLenti6.2-IGFBP5.
4
First, IGFBP5 was amplified from pCR4-TOPO-IGFBP5 (Thermo Scientific, Pittsburgh, PA, USA).
5
Following the manufacturer's protocols, IGFBP5 was then shuttled into the pENTR/D-TOPO vector 2 6
(Invitrogen) and recombined into pLenti6.2/V5-DEST (Invitrogen). In addition, to suppress ERK 2 7
expression, cells were treated with PD98059 according to the manufacturer's instructions.
8 9 1
TRIzol (Invitrogen) and the RNeasy mini kit (Qiagen, Valencia, CA, USA) were applied for the 2 extraction of the total RNA from NP cells according to the manufacturers' protocols. Subsequently,
3
RNA was eluted in 50 mL of nuclease-free water and stored at -80°C for further analysis. The RNA 4 concentration was measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
5
Wilmington, DE, USA).
7
Transcriptome sequencing 8
The total RNA of 10 patients and 10 controls was purified directly for transcriptome sequencing post-IDD surgery, and then the tails were dissected and processed for further histological evaluation.
5
All animal experiments were approved by the Ethics Committees of our institution. 
2
Real-time PCR was performed using a standard TaqMan period, water-insoluble formazan crystals were formed. Then, the formazan crystals were dissolved by 1 9 adding 300 mL of dimethyl sulfoxide. Absorbance was measured at a wavelength of 570 nm using a 2 0 Spectra MAX microplate reader (Molecular Devices, Sunnyvale, CA, USA).
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For the colony formation assay, NP cells at the logarithmic growth phase in each transfected group 2 2
were selected and washed once with PBS. Then, NP cells in 2 ml of medium were plated per well in 2 3
six-well plates. Following 10 days of incubation, the colonies were quantified after fixation with 2 4
methyl alcohol and staining with hematoxylin. These experiments were performed three times.
5 6
Flow cytometry
7
Apoptosis was evaluated by staining cells with both Annexin V-FITC and propidium iodide (PI), was used as the secondary antibody for collagen II staining at 2 µg/ml for 1 h at room temperature.
7 8
Immunofluorescent staining
9
Coverslips were placed into 24-well plates where NP cells were plated for 48 h. The medium was 2 0
removed and the cells were washed twice with PBS and then fixed with 3.5 % formaldehyde for 30 min 2 1 at 37 °C. The cells were rinsed with PBS three times, permeabilized with 0.1 % Triton X-100 in PBS 2 2
for 20 min, and blocked with 3 % BSA and 0.05 % Tween 20 in PBS for 30 min at room temperature.
3
After blocking, cells were incubated with rabbit polyclonal anti-IGFBP5 (Abcam, Cambridge, UK) at 4 2 4 µg/mL overnight at 4 °C. The cells were then treated with fluorescent goat anti-rabbit secondary 2 5
antibody (Abcam, Cambridge, UK) at 2 µg/ml for 1 h at room temperature. Nuclei were stained with 2 6
4,6-diamidino-2-phenylindole (DAPI). Fluorescence images were acquired with a Leica TCS SP2 2 7
confocal microscopy (Leica, Mannheim, Germany) using Leica Confocal Software. 
